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Summary
 The objectives of the experiment were to examine whether high moisture maize grain (HMM) 
is superior to low moisture maize grain (LMM) as supplement to alfalfa haylage (Medicago sativa L.) 
(AH). The effects of HMM and LMM supplementation to AH were studied on feed intake, water 
intake and dry matter (DM) digestibility in wether sheep. Alfalfa was harvested at the beginning 
of flowering and ensiled into round bales wrapped with plastic. The average DM and crude protein 
(CP) concentration of AH was 534.7 g kg-1 fresh sample and 141 g kg-1 DM, respectively. The aver-
age DM content (g kg-1 fresh sample) of HMM and LMM were 795.9 and 915.1 g kg-1 fresh sample, 
respectively, while the average CP concentration (g kg-1 DM) were 116.8 and 106.0, respectively. The 
study consisted of five feeding treatments incorporating AH only and AH supplemented with 5 or 10 
g HMM or LMM d-1 kg-1 wether body weight. The inclusion of HMM (5 or 10 g kg-1 body weight d-1) 
into AH based ration resulted in higher diet DM digestibility (P<0.05) in comparison with LMM in-
clusion (5 or 10 g kg-1 body weight d-1). Higher daily fresh matter intake (FMI) (P<0.05), dry matter 
intake (DMI) (P<0.05) and water intake (P<0.05) was achieved with LMM inclusion in comparison 
with HMM inclusion. The conclusion was that HMM is superior over LMM as supplement to AH in 
terms of DM digestibility, while LMM has advantages over HMM in the intake characteristics mea-
sured. 
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Introduction
 Dairy cows fed alfalfa haylage supplemented 
with an energy source like maize silage or maize 
grain will consume more feed and produce more 
milk (O'Mara et al., 1998) which directly influ-
ences farm economy. There are certain advantages 
in producing high moisture maize grain (HMM) in 
comparison to dry maize grain (LMM) production. 
Harvesting HMM allows earlier and longer harvests 
which reduces field losses and allows the use of 
higher yielding full-season hybrids. Ensiling HMM 
as an alternative to artificial drying reduces fuel and 
labour costs and eliminates costly delays during har-
vest. Contrary, harvesting and storing the corn grain 
as HMM reduces the producers’ flexibility of mar-
keting the crop since it must be fed to livestock. 
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In addition, the spoilage losses can be substantially 
higher with HMM than LMM. 
 The previous research show the feeding value 
of HMM is often equivalent or slightly superior to 
LMM. Merrill (1971) reported that ensiling HMM 
was an effective method of handling and feeding 
corn grain to beef cattle. He concluded that HMM 
produced more efficient gains (+5 to 10 %) com-
pared to maize grains of the same origin in air dried 
form. In a review of 21 comparisons of LMM versus 
HMM, Clark (1975) reported that feedlot cattle 
fed HMM were 6.1 % more efficient than those fed 
LMM. Corah (1976) reported in a review of 44 tri-
al comparisons that the feeding value of HMM was 
slightly superior to LMM when a HMM was stored 
in either an oxygen limiting silo or acid treated but 
was slightly inferior when fed as ground ensiled 
HMM. Owens (1997) reported that finishing beef 
cattle fed high concentrate rations containing HMM 
(>80 %) will generally consume less feed dry matter 
(DM), have similar daily gains and have slightly bet-
ter feed conversions compared to those fed LMM. 
Most research trials comparing ensiled HMM to 
LMM show that HMM gives essentially equal aver-
age daily gain but increases feed efficiency by about 
10 % (Merrill, 1971; Corah, 1976). Nearly, all 
of these trials were conducted with HMM having 
moisture contents ranging from 30-40 %. 
 Oklahoma researchers (Van Koevering et al., 
1994) evaluated the feeding value of HMM and 
LMM in finishing beef cattle diets containing 9 % 
pelleted alfalfa hay as the roughage source. Intake of 
DM for steers receiving HMM was 9.5 % higher and 
the efficiency of feed conversion was 10.3 % greater 
for steers receiving HMM. 
 In a summary of 11 lactation studies Clark 
(1976) reported that mean yield of milk for cows 
fed ensiled HMM was identical to the yield of milk 
for cows fed LMM. Merrill (1971) concluded that 
experimental results with ensiled HMM show that is 
equal in feeding value of LMM. 
 The objectives of the experiment were to ex-
amine the effects of HMM and LMM supplementa-
tion to alfalfa haylage (AH) on feed intake, water 
intake and DM digestibility in wether sheep. The 
hypothesis of this study was that HMM is better 
supplement to AH than LMM in terms of feed in-
take, water intake and DM digestibility. 
Materials and methods 
 
Alfalfa crop and silage making
 Alfalfa was mown in 2009 (22nd of May) at the 
early flowering stage. The crop was mown and al-
lowed to wilt for 24 h (400-500 g DM kg-1 fresh 
sample) before harvesting with a round baler. Bales 
were wrapped in four layers of 500 mm-wide white 
plastic film. The weather at harvest was warm and 
sunny. 
 The HMM (Zea mays L., cv. BC 566) was en-
siled grinded without any additive into jumbo bags 
(600 kg of fresh material bag-1) and allow to fer-
ment for at least 35 days while the LMM was stored 
ungrinded into 3 plastic bins (50 litres each) until 
needed for the experimental purposes.
Dietary treatments
 The experiment consisted of 5 feeding treat-
ments: (i) AH fed alone (ii) AH supplemented with 
5 g HMM d-1 kg-1 body weight (HMM5); (iii) AH 
supplemented with 10 g HMM d-1 kg-1 body weight 
(HMM10); (iv) AH supplemented with 5 g LMM 
d-1 kg-1 body weight (LMM5); (v) AH supplemented 
with 10 g LMM d-1 kg-1 body weight (LMM10). 
 Just before the experiment started the HMM 
was filled into 5 plastic bags (30 litre each), LMM 
was grinded with the hummer mill, filled into 5 
plastic bags (approximately 30 litre each) while AH 
was chopped to approximately 3-5 cm using a com-
mercial chopper and filled into 15 plastic bags (ap-
proximately 10 kg AH per bag). The forages for the 
experimental needs (AH, HMM and LMM) were 
stored in a cold chamber maintained at a tempera-
ture of 4 °C.
 The AH and the concentrate were fed separate-
ly. No supplementary feeds were provided.
 HMM and LMM were weighted into plastic 
bags for daily feeding.
Animals and design
 Five Suffolk wethers were selected on the basis 
of live weight (mean body weight 31.3 kg, s.d. 5.8 
kg). All the animals were treated for internal para-
sites prior to the start of the experiment. The sheep 
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were subjected to artificial lightening from 08:00 
to 20:00 hours daily. Each sheep was randomly al-
located to treatment sequences in a 5x5 Latin square 
design with five periods. A 10 day acclimatization 
period was followed by an 11-day measurement pe-
riod (4 day ad libitum intake was followed by 7 day 
digestibility measurements) where feed offers and 
refusals were measured and total faeces were col-
lected. 
 The animals were housed in individual pens 
(1.5 × 2.2 m) over the acclimatization period and in 
individual crates (136 cm x 53 cm x 148.5 cm) dur-
ing the measurement period. Rations were offered 
twice a day (8:30 and 16:00 h) in equal amounts, 
designed to ensure a refusal margin of 10-15 % of 
AH each day. During the measurement period, fresh 
weights and DM contents of feed offered and feed 
refused were recorded daily. Subsamples of offered 
feed were taken daily and stored at a temperature 
of -20 °C until the end of the experiment, when 
they were bulked prior to chemical analysis. Daily 
subsamples of refusals were bulked on an individual 
animal basis and stored at a temperature of -20 °C 
prior to chemical analyses. 
 Daily production of faeces was collected sepa-
rately. Total daily faecal production of each animal 
was stored frozen until completion of the collection 
period. Bulked faecal output from each animal was 
then weighed and sub-sampled prior to subsequent 
analyses. The DM digestibility of the diet was cal-
culated using daily data on DM intake, feed residual 
DM and faecal DM. The sheep were weighted on the 
10th, 14th and 21st day of each period and the mean 
weight was used to calculate the daily voluntary in-
take of ration fresh matter (FMI) and DM (DMI) 
expressed per unit of metabolic weight, i.e., g per 
kg M0.75. Daily water intake was measured. The ex-
periment followed the Council Directive issued by 
the European Economic Community (EEC) (1986) 
on the approximation of laws, regulations and admi-
nistrative provisions of the Member States regarding 
the protection of animals used for experimental and 
other scientific purposes.
Chemical analysis
 The DM contents of feed offered, feed refused 
and faeces were determined by oven drying to a 
constant weight at a temperature of 60 °C in a fan-
assisted oven (ELE International). In AH, the crude 
protein (CP) concentration, pH value, NH
3-N and 
neutral detergent fibre (NDF) concentration while 
in HMM and LMM samples CP concentrations 
were estimated by NIR spectroscopy. The samples 
were ground to pass a 1mm screen, than re-dried at 
a temperature of 105 °C for 3 hours prior the NIR 
analysis. Two independent scans were recorded for 
each sample, using a NIR System Model 6500 spec-
trometer system (Foss-NIR system, Sweden) fitted 
with a sample transport module and a grind product 
sample cup. Samples were scanned (32 scans co-
added) using the ISI SCAN Version 1.0 (Infrasoft 
International, Port Matilda, PA, USA) from 1100 to 
2498 nm in reflectance mode (R mode: PbS detec-
tor). The mean spectral value of each sample was 
calculated using the WIN ISI III Version 1.5. The 
Scottish calibration models developed at Scottish 
Agricultural College (SAC) were applied for AH 
samples, while the USA calibration models devel-
oped at Foss for HMM and LMM samples.
Statistical analysis
 Results were analyzed using mixed model pro-
cedures (SAS, 1999). Model applied: Yij= µ + Ti 
+ Pj + eij; where Y is the overall model, µ = grand 
mean, T= treatment, P= period, e = experimental 
error, i = number of treatments, and j = number 
of periods. Mean separation was performed if the 
F-test was significant at P=0.05. The orthogonal 
contrasts of fresh and DM intake and digestibil-
ity of AH vs. HMM5, HMM10, LMM5, LMM10; 
HMM5, LMM5 vs. HMM10, LMM10 and HMM5, 
HMM10 vs. LMM5, LMM10 were made using the 
CONTRAST statement (SAS, 1999). Linear and 
quadratic effects of the level of LMM and HMM 
inclusion in AH on FMI, DMI and DM digestibility 
were examined using the CONTRAST statement 
(SAS, 1999).
Results and discussion
 Alfalfa contains more than 180 g CP kg-1DM 
if mowed at the beginning of flowering (Ball at al., 
2002) which is more than the average CP concentra-
tion of AH in this research (141.6 g kg-1 DM) (Table 
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1) which reflects later stage of maturity (later flow-
ering) at harvest. The mean CP concentration fits 
well the range between 77.0 and 167.5 g CP kg-1 DM 
determined as minimum and maximum values for 
grass silages produced at 19 family farms in Croatia 
in 2004, thus reflecting silage production technol-
ogy on family farms (Vranić et al., 2005). Con-
centration of DM in AH varied from 512.0-578.5 g 
kg-1 fresh sample. It was a result of advanced sward 
maturity and 24-hour wilting prior to harvest. Al-
though, heavy wilting of herbage has the disadvan-
tages of greater mechanical and respiration losses 
(McDonald et al., 1991) and limited fermentation, 
which may lead to silage that is aerobically unsta-
ble, in this research, higher DM concentration at 
harvesting was required due to ensiling technology 
applied. When ensiling forage into big bales wrapped 
with plastic, the higher forage DM is recommended 
(400-600 g kg-1 DM) as the less water is wrapped, 
the fewer bales are to be handled and the bales hold 
their shape that protects damages of the plastic film, 
aeration of ensiled material and looses of nutrients 
(Chamberlain and Wilkinson, 1996). 
 The DM concentration in HMM (Table 2) is 
similar to DM concentration in HMM (<80 %) in 
the experiment of Owens (1997). LMM contained 
more moisture than recommended at storing (max 
140 g DM kg-1 fresh sample), but no negative visual 
effect was noticed due to the higher moisture con-
centration. 
	 The usual CP concentration in corn is about 
106 g kg-1 DM. The same coefficient of variation was 
determined at HMM and LMM for CP concentra-
tion (3.6 %), but HMM contained relatively more 
CP in average (116.8 g kg-1 DM) in comparison to 
LMM (106 g kg-1 DM). 
Intake and digestibility
 Voluntary DMI across the five feeding treat-
ments was in the intake range of 800-1100 g d-1 for 
50 kg intact male lambs (AFRC, 1993) (Table 3).
Table 1. Chemical composition of alfalfa haylage
Chemical parameter Mean value Minimum value Maximal value Coefficient of variation (%)
DM (g kg-1 fresh sample) 534.7 512.0 578.5 4.57
Crude proteins
(g kg-1 DM)
141.6 118.0 155.0 9.08
NDF
(g kg-1 DM)
504.4 447.0 527.0 5.88
pH 5.2 5.0 5.5 3.49
NH3-N
(g N kg-1 total N)
184.8 166.0 212.0 8.29
DM - dry matter; NH3-N - ammonium N; NDF - neutral detergent fibre
Table 2. Dry matter and crude protein concentration in high and low moisture maize grain




(g kg-1 fresh sample)
HMM 795.9 771.7 807.7 1.8
LMM 915.1 910.1 919.5 0.3
CP 
(g kg-1 DM)
HMM 116.8 111.0 115 3.7
LMM 106.0 102.0 106 3.7
DM - dry matter; CP - crude protein; HMM - high moisture maize grain; LMM - low moisture maize grain
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 Inclusion of HMM to AH based ration (treat-
ment HMM5 and HMM10) resulted in lower FMI 
(g kg-1 M0.75) (P<0.001), lower DMI (g kg-1 M0.75) 
(P<0.001) in comparison to LMM inclusion (treat-
ment LMM5 and LMM10) (Table 4). Supplemen-
tation of LMM linearly increased FMI (g d-1 and g 
kg -1M0.75) (P<0.01 and P<0.05, respectively), 
DMI (g kg -1M0.75) (P<0.001) and DM digestibil-
ity (P<0.001) (Table 5). A positive associative ef-
fect of LMM supplementation was observed for 
FMI (P<0.05), DMI (g d-1 and g kg -1M0.75) (P<0.05 
and P<0.001, respectively) and for DM digest-
ibility (P<0.001) (table 5). Inclusion of HMM to 
AH linearly increased diet DM intake (g kg -1M0.75) 
(P<0.001) while a positive associative responses 
was determined for DMI (g kg -1M0.75) (P<0.01) and 
DM digestibility (P<0.01). This might be explained 
with higher moisture concentration in HMM than 
LMM and the negative relationship between forage 
moisture content and forage DM intake that was al-
ready observed (Steen et al., 1998; Mulligan et 
al., 2002). This is not consistent with some previ-
ous studies reporting higher DMI in steers fed forage 
supplemented with HMM in comparison with LMM 
supplementation (Van Koevering et al., 1994), but 
are in agreement with studies reporting decreased 
DMI with HMM supplementation (Owens, 1997).
 Water intake was the same (P>0.05) for 
wethers fed HMM5, HMM10 and LMM10 (Table 
3). Higher water intake (P<0.05) was recorded for 
LMM5 than for LMM10, HMM5 and HMM10. No 
differences were recorded in water intake (g kg-1 
M0.75) between AH and LMM5 (P>0.05), but a ten-
dency was toward reduced water intake in LMM5. 
Wethers fed LMM10 and those fed HMM5 and 
HMM10 consumed less water (P<0.05) than those 
fed with AH. This is in agreement with previous re-
search (Ferreira et al., 2002) showing less water 
consumption of goats and sheep fed ratio rich in 
energy in comparison with rations poor in energy 
concentration. Also, lower water intake in HMM5 
and HMM10 in comparison with LMM5 and 
LMM10 might be result of higher water concentra-
tion in HMM that reduced water intake in general 
despite the fact that quantities of feed water intake 
and pure water intake were used in total water in-
take calculation.
 Higher DM digestibility (P<0.001) was 
achieved with HMM supplementation than with 
LMM supplementation (Table 4). This improvement 
in DM digestibility with HMM over LMM supple-
mentation may be attributed to possibly reduction 
in content of less digestible NDF during grain fer-
mentation process. Besides, compared with feeding 
LMM, feeding HMM might decrease faecal excretion 
of starch and increase starch digestibility as reported 
in the experiment with steers (Archibeque et al., 
2006). This further explains higher DM digestibility 
as increased content of more digestible starch and 
non-fibre concentration in the diet results in more 
energy available for rumen microorganisms fed AH 
based diet. This means that HMM supplementation 
improved microbial activity by developing a better 
environment for rumen fermentation and reduced 





FM intake DM intake DM digestibility
g d-1 g kg-1 M0.75 g d-1 g kg-1 M0.75 g kg-1 M0.75 g kg-1 DM
AH 1624.77a 113.9ac 955.5ab 67.2a 635c 190a
LMM5 1633.29a 120.0a 1021.7a 75.3b 622d 188a
LMM10 1439.63b 110.2c 972.2ab 74.0b 652b 170b
HMM5 1508.51ab 102.2b 937.8b 63.5a 648c 159b
HMM10 1528.41ab 106.1b 988.5ab 69.3a 655a 168b
SEM 51.8 7.6 27.6 1.38 13.5 7.16
AH - alfalfa haylage; HMM5 - AH supplemented with 5 g LMM d-1 kg-1 body weight; LMM10 - AH supplemented with 10 g HMM 
d-1kg-1 body weight; LMM5 - AH supplemented with 5 g HMM d-1 kg-1 body weight; HMM10 - AH supplemented with 10 g HMM 
d-1kg-1 body weight; SEM - standard error of the mean; FM - fresh matter; DM - dry matter; means with a different letters within 
columns are significantly different (P<0.05); M0.75 - metabolic body weight
Table 3. Fresh matter intake, dry matter intake, dry matter digestibility and water intake
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 Table 4 shows that maize grain supplementation 
(both, fermented and unfermented) improved diet 
DMI (P<0.001) and DM digestibility (P<0.05). 
Higher level of maize grain supplementation (10 g 
d-1kg-1 body weight) was superior over lower level (5 g 
d-1kg-1 body weight) of maize grain supplementation.
 It has been indicated that forage NDF content 
(Van Soest et al., 1991) and digestibility, are im-
portant in the regulation of forage intake. Increasing 
level of LMM or HMM probably reduced NDF and 
resulted in a linear increase in diet intake and digest-
ibility parameters. Besides, sheep develop prefer-
ences for feeds that are richer in energy (Provenza, 
1995) and prefer corn to grass silage based diets 
(O’Doherty et al., 1997). 
	 Positive associative response was noted when 
different forage sources, such as grasses and leg-
umes, are fed in combination (Hunt et al., 1985). 
These effects are usually only observed when one 
forage source supplies a nutrient, most often protein, 
which is deficient in the other forage source. Positive 
associative responses in intake and digestibility are 
commonly noted when protein or energy supple-
ments are provided to ruminants fed lower quality 
forage (Hannah et al., 1991). The moderate quality 
AH used in this experiment as the protein source 
and LMM or HMM as sources of energy, fed in com-
bination resulted in positive associative responses for 
intake and digestibility parameters measured.
Table 4. Contrasts of fresh matter intake, dry matter intake and dry matter digestibility
Parameter









Fresh matter (g d day-1 ) NS NS NS
Fresh matter (g kg -1 M0.75) NS NS ***
Dry matter (g day-1) NS NS NS
Dry matter (g kg -1M0.75) *** *** ***
Dry matter digestibility (g kg-1) * NS ***
AH - alfalfa haylage; HMM5 - AH supplemented with 5 g LMM d-1 kg-1 body weight; LMM10 - AH supplemented with 10 g HMM 
d-1 kg-1 body weight; LMM5 - AH supplemented with 5 g HMM d-1 kg-1 body weight; HMM10 - AH supplemented with 10 g HMM 
d-1 kg-1 body weight.; SEM - standard error of the mean; M0.75 - metabolic body weight; values within the same column with different 
mark differ significantly (*, P<0.05; ***, P<0.001); NS - non significant
Table 5. Linear and quadratic effect of high moisture corn or dry corn inclusion into alfalfa haylage on fresh 
matter intake, dry matter intake and dry matter digestibility
Parameter
Treatment




L Q SEM L Q SEM
Fresh matter intake (g d-1) ** * 40.27 NS NS 55.7
Fresh matter intake (g kg -1M0.75) * NS 0.29 NS NS 0.36
Dry matter (g d-1) NS * 20.6 NS NS 29.7
Dry matter (g kg -1M0.75) *** *** 0.84 *** ** 1.46
Dry matter digestibility (g kg-1) *** *** 8.1 NS ** 14.5
AH - alfalfa haylage; HMM5 - AH supplemented with 5 g LMM d-1 kg-1 body weight; LMM10 - AH supplemented with 10 g HMM 
d-1 kg-1 body weight; LMM5 - AH supplemented with 5 g HMM d-1 kg-1 body weight; HMM10 - AH supplemented with 10 g HMM 
d-1 kg-1 body weight; SEM - standard error of the mean; values within the same column with different mark differ significantly (*, 
P<0.05; **, P<0.01, ***, P<0.001); NS - non significant; L - linear effect of supplementation; Q - quadratic effect of supplementa-
tion
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Conclusions
 This study shows that the inclusion of HMM 
into AH based diet is superior over LMM inclusion 
in terms of DM digestibility, while LMM has advan-
tages over HMM in terms of FMI and DMI. The 
higher level of HMM or LMM inclusion did not re-
sult in higher FMI neither diet DM digestibility over 
the lower level of maize grain inclusion.
Fermentirano vlažno zrno kukuruza kao 
dodatak sjenaži lucerne djeluje superiorno 
na probavljivost suhe tvari obroka  
u odnosu na suho zrno kukuruza
Sažetak
 Cilj istraživanja bio je utvrditi je li vlažno zrno 
kukuruza (HMM) kao dodatak sjenaži lucerne (AH) 
superiorno u odnosu na suho zrno kukuruza (LMM) 
obzirom na konzumaciju hrane i vode, te probavlji-
vost obroka u hranidbi kastriranih ovnova. Lucerna 
(Medicago sativa L.) je košena u fenološkoj fazi po-
četka cvatnje i silirana u bale ovijene plastičnom foli-
jom. Prosječan udio suhe tvari (ST) i sirovih proteina 
(SP) u AH bio je 534,7 g kg-1 svježeg uzorka i 141 
g kg-1 DM, respektivno. Prosječan udio ST u HMM 
i LMM bio je 795,9 i 915,1 g kg-1 svježeg uzorka, 
respektivno, a prosječan udio SP (g kg-1 DM) bio je 
116,8 i 106, respektivno. Istraživano je ukupno 5 hra-
nidbenih tretmana uključujući hranidbu samo s AH, 
te AH s dodatkom HMM ili LMM u količini od 5 ili 
10 g d-1 kg-1 tjelesne mase kastrata. Veća probavljiost 
ST obroka (P<0,05) je utvrđena kod dodatka HMM 
sjenaži lucerne (5 ili 10 g d-1kg-1 tjelesne mase) u us-
poredbi s dodatkom LMM (5 ili 10 g d-1kg-1 tjelesne 
mase). Veća konzumacija svježeg obroka (P<0,05), 
ST obroka (P<0,05) i vode je utvrđena kod dodatka 
LMM u usporedbi s dodatkom HMM. Zaključeno je 
da HMM kao dodatak AH djeluje superiorno na pro-
bavljivost ST obroka u odnosu na LMM, a dodatak 
LMM ima prednosti u konzumaciji obroka odnosu 
na HMM.
 Ključne riječi: sjenaža lucerne, vlažno zrno 
        kukuruza, suho zrno kukuruza, konzumacija,  
        probavljivost
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